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Background
• Most studies support crop-specific near-infrared (NIR) 

calibrations for increased accuracy
(Yang, 2024; Andueza  e t a l., 2011; Berzaghi e t a l., 2000)

• Some commercial laboratories  use mixed-crop NIR calibrations 
(Kern-Lunbery and Hus moen, 2023)

• Differences in sample metadata and operational needs contribute 
to this  disconnect
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Background: NIR Calibration Development
Robust

• Wide range of residual DM (ex. 
86 – 100%)

• May include multiple crops, 
regions, and/or hybrids

• Can handle variability across 
different conditions

Accurate
• Narrow range of residual DM 

(ex. 92 – 100%)

• Calibrations may be specific for 
crop, region, and/or hybrid

• Highly defined for particular 
conditions
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Objective
• Bridge gaps in understanding between research and 

industry in NIR calibration development for commercial 
use

• Compare sorghum/sudan silage predicted using mixed-crop 
(small grain silage: barley, wheat, oats, rye, sorghum/sudan, 
etc, and their mixtures) vs. crop-specific NIR calibrations

• Compare ensiled alfalfa predicted using mixed-crop (mixed 
alfalfa/legume: alfalfa, grass, clover, etc, and their mixtures) vs. 
crop-specific NIR calibrations
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Materials and methods
• Sample information

• 312 ensiled sorghum/sudan
• 842 ensiled alfalfa
• 2021 – 2023 crop years (May 2021 – April 2024)
• Source: Dairyland Laboratories, Inc

• Subset for analysis       
• 50 sorghum/sudan and 300 alfalfa samples      
• Selected to evenly represent normal ranges for CP, ADF, 

aNDFom
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Materials and methods
• Analysis

• Chemistry (AOAC, 2023)
• CP, ADF, aNDFom

• Near-infrared reflective spectroscopy (NIR)
• Spectra collected every 2 nm over 1100–2500 nm wavelength 

range
• Sorghum/s udan: Predicted us ing s orghum/s udan-s pecific  and 

mixed s mall gra in s ilage  ca librations   (barley, wheat, oats , rye, 
s orghum/s udan, e tc, and the ir mixtures )

• Alfalfa : Predicted using a lfa lfa-s pecific  and mixed legume/gras s  
ca librations  (a lfa lfa , gras s , c lover, e tc, and the ir mixtures )
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Materials and methods: Statistics
• Statistics

• Slope = ΔChemistry 
      ΔNIR

• Bias = MeanNIR – MeanChemistry

• Standard error of prediction (SEP)

• R2

y = x
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Materials and methods: Statistics
• Statistics

• Slope evaluation
• Tested whether s lopes differed

• From 1
• Between mixed-crop vs. crop specific 

 calibrations
• Sorghum/sudan-specific vs. 

mixed small grain s ilages
• Alfalfa-specific vs. mixed

grass/legume

lstrends() from the ‘emmeans’ package
in R (Lenth, 2022)

y = x

Slope = ΔChemistry 
     ΔNIR
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Materials and methods: Statistics
• Statistics

• Bias evaluation
• Tested whether the bias differed

• From 0
• Between mixed-crop vs. crop specific 

 calibrations
• Sorghum-specific vs. 

mixed small grain s ilages
• Alfalfa-specific vs. mixed

grass/legume

contrast() from the ‘emmeans’ package
in R (Lenth, 2022)

y = x

Bias = MeanNIR – MeanChemistry
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Materials and methods: Statistics
• Statistics

• SEP compared using F-Test (Snedcor & Cochran, 1989)
• Crop-specific vs. mixed-crop calibrations

• Sorghum/sudan-specific vs. mixed small grain silages

• Alfalfa-specific vs. mixed grass/legume

F� value =
SEPLg2

SEPS2

Lg = larger SEP, S = smaller SEP of the pair
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Results: Sorghum/sudan silage CP
Mixed
-SGS SS SE P-

value

SEP 1.15 0.98 - 0.14

Slope 0.90 0.93 0.07 0.71

Bias -0.51* -0.37* 0.16 0.38

R2 0.79 0.83 - -

*Bias < 0, p < 0.05
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Results: Sorghum/sudan silage ADF
Mixed
-SGS SS SE P-

value

SEP 1.92 1.63 - 0.13

Slope 0.97 0.99 0.08 0.79

Bias 0.62+ 0.14 0.2 0.09

R2 0.79 0.83 - -
+Bias tended to be > 0, p = 0.06
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Results: Sorghum/sudan silage aNDFom
Mixed
-SGS SS SE P-

value

SEP 2.54 1.40 - < 
0.001

Slope 0.91 0.97 0.07 0.39

Bias -0.47 0.25 0.24 <
0.05

R2 0.73 0.92 - -
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Results: Ensiled alfalfa CP
Mixed 
LEG/GR

Alfa lfa SE P-
value

SEP 0.93 0.80 - < 0.01

Slope 1.04 1.09* 0.03 0.11

Bias 0.22* -0.01 0.04 < 
0.001

R2 0.80 0.85 - -

*Slope was > 1, Bias  was > 0, p < 0.05
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Results: Ensiled alfalfa ADF
Mixed 
LEG/GR

Alfa lfa SE P-
value

SEP 1.45 1.47 - 0.38

Slope 0.97 0.98 0.03 0.87

Bias 0.36* 0.77* 0.06 < 
0.001

R2 0.82 0.86 - -

*Bias was > 0, p < 0.05
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Results: Ensiled alfalfa aNDFom
Mixed 
LEG/GR

Alfa lfa SE P-
value

SEP 1.41 1.29 - 0.06

Slope 1.02 0.98 0.03 0.21

Bias -0.13 -0.27* 0.06 0.10

R2 0.83 0.86 - -

*Bias was < 0, p < 0.05
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Summary
• Commercial calibration decisions may diverge from theoretical ideals

• No single calibration strategy is  ideal for all scenarios

• Broader calibrations prioritize applicability across diverse samples, at 
the expense of accuracy compared to more narrowly focused models
(Shenk and Wes te rhaus , 1993)

• Evaluation metrics must be interpreted in context
• Low R2, s ignificant deviations of s lope from 1 or biases from 0 are not 

always problematic 
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Summary
• Feed reports  include linked

parameters, ex:
• CP, Protein solubility
• aNDFom, NDFD12, NDFD30, 

NDFD120, NDFD240
• WSC, ESC
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Summary
uNDFom24 – uNDFom30
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